Computer simulation modelling and visualization of 3D architecture of biological tissues. Simulation of the evolution of normal, metaplastic and dysplastic states of the nasal epithelium.
Recent technical improvements, such as 3D microscopy imaging, have shown the necessity of studying 3D biological tissue architecture during carcinogenesis. In the present paper a computer simulation model is developed allowing the visualization of the microscopic biological tissue architecture during the development of metaplastic and dysplastic lesions. The static part of the model allows the simulation of the normal, metaplastic and dysplastic architecture of an external epithelium. This model is associated to a knowledge base which contains only data on the nasal epithelium. The latter has been well studied by numerous authors and its lesional states are well known. An inference engine allows the initialization of the static model parameters. A statistical comparison between simulated epithelia and real epithelia is achieved by adjusting the parameter values during the simulation. The dynamic part of the model allows the simulation of a growth process on a 3D representation based on the static model. The main hypothesis is that nasal epithelium is submitted to a continuous transformation from normal to cancer through metaplasia and dysplasia. The evolution of each cell (represented by its nucleus) depends on its local environment and also on its heritage from its mother-cell. Simulation of tissue renewal of the nasal pseudostratified epithelium has been achieved. The evolution from normal to hyperplasia has been simulated. After modification of the cell cycle modelling, the simulation of the development of metaplastic foci has been obtained.